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rSt;lT?fie^i;-ar>. and ,..tr:od t.r M..,K:.>:g t h. s..., cc.pri.:ng a porous support and . 

" V^^^^'-'^r -1 J ^i).^ i- tviityi-r L^aj.able ::f oferat.ir.;g at lower 

' . ,,.** '-/L i'^-r rit^L h:::d iiu'ludes i--c.ct.inq a :T y f un ional amine with a 

' \' '/ ' ' .^^'^^ ■^''\'^,ri- > x.o^ vaii.id- . Tn^^ n.et nod include.; the step Z't 

o ;^;cti;g~rpn:.pnor:u: ;-=;;r.:nrng .--.^.iouno-wrth .he f . i yf un .t xcn. 1 a.yl nalide prror 
t:^ and/or during the rea.tron between the p c lytun..-: -c na 1 ar/1 ha 1 ide ^aad a^ _ ^ ^ 
r.-.lyfunotional amine. The subject pr^-ess if eas.ry =.a.,pt«.a l . c ^.um ^ .a. o „ :i . 
'.anufacturing processes and is particularly saitea tor i.akmg nan-; • t : i . r,.t . on ..nd 
v-^verse osm.^sis composite tn&^_tl^inj^s . 

h: lef Sammarv Text it): , r rVi i - i s 

;.^;3-^"7:.I^[^:rT^^/ us.rul m..m^.^ee. t . r reverse and nanol . . 1 1 at on a^p. i c a . i .ns 

-h^:£e m whicn the discrm^inat in:? l^yer is a £0 ^^;-n■^^^.le . .he I-^^ami;^ 



:;m:)L:.it; nu-nbran-s 



d.srri-: mating layer t-yr revert' 

r. Ty-L~naensation reacticn between a polyfunction^: 



■.ft en obtameci by an int^e rf acia l 



am ne and 



pol y f uno 1 1 Dnal aoy 



halld;" as" described rn, for example, V S. : at . N . 4, 2-', 344, whi .h is incorporated 
h^r-in by reference In contrast to rev.-rs-:- osmo.d s ne]ut:^ar^ii^^U^_v:o^ar^_i^ 
dis-^rindnating layer f.r nanc f 1 1 1 r.. t lor: me:,bi..ne. lo t yp:i cal . y onr a i ned vi. =.n^^ 
mterfacial polymer i zat i c n between a p:.per i ne ;r ar, .iine ...bsa . . i.tea p .ej ...a n. ^ ^.-^ 
-.-1^.^^ and a polyf unot i or, „cyl haiiie as ,es:r:l.a m .J . S . . t ^ N.. , ^ 4 7 . - 4 , 

.Md 4 .•'.-.9,?S4. An tlier way = : obr=.ii;inq E_q,v_amid- d : o i :.ir.. na ; i ng , er . ..a. .^c.L.e^ r 

. _ „ .-r I.-..-!..: :ne:i in, iior .;x..r;-p_e, , . r kt . Nob- , h . ":. j , . y . , 

i.-.,n;;- 1 -tia. 1 - . - ■ , _ - , >,,.^ ,~==.-r.c= - r- ^-mbrane 

, . , . ^. -1., ;,7t. ll. pc.te::tS ae;::.llPe ^'li a:.g- ].'-• a .-vt..-.- ■__r_i^^l_^ — 

. ,' 7:1- -l,';'^ ;)^,r , t:.;j 4,177,344, mto a nancf il t rat i on ■ 



-rief -uminary Tex'. -7) : .,,^,. ,,-1- ,,nt-v-, j 

^:^3^F^-^7i:^pd7].m;:d^jn^..:a^ ar. ty, :.oally _prepare . l:.y ^ ' ^ ^ P-ou s sup p^ - 

rolyfunctior^^^ne, most oonmonly coatea rrom .n . qu-.i u. s .Lut ^ ..Uhou h ^ aque.u. 

-■lur,:-T,s .re prei:erred. non-aao..ous solutoms m.y oe .:i.iize:i, ...:'h ao.t,. ---- 

airethvlformanide :DMF) A po .y f '..n 1 1 ion. : aoyl na . ; :le is sur.equen ^. ly ^ :. oat ed .a. .... 
:.',Pp:-„^, t:;-pi:r.liy from an :)r-^an:.o solition. Altncugn n :i -^Pf--f^- ^^'^der^o. 
- --ce--v,rilv reauirei, the a^u-.ois amine solition is t y p i ci. i ..y ^ . r 
.■-rci^^ suppor- "'ftU^wed by the Drqanic acyl halide s^o.ition. Aitnough -.ne 

po-functicn.. amine ind aoy 1 ' hal i de m ay be .pp 1 1 e d to the pirous J F ^ 
,:lutrin, they m,.y al t e:rnat ively be applied by other means suoh a. by vap.i dep^.^s , . i ... . 



c.(idi 1 1 sn 
on the 
:.r botn ot 



^b^^"'"::or impri"ving the }ierforn,an: 



bv 



addition 
: (i-ooio b■^^a 



.;:.quec.is amine and/or organic icyi haiiae ^ c; . i or 
example, U.S. Pat. No. i . - 5 : , i ::4 , l os;;-d i.--^Uooo 
flux of a -cmpc^si: e meiiiorane by ^lano^ toic^tr ci. 
acceptor t ■ i the aqueous amine solution P-"^^-^^ 
with an polyoctrosxy : : s ucia na^.a^. o.:;M.c,y^ 

■ .-.oOo^in.na .:o:mpounas and su 1 1 u r - o iJ-^t a i n i ng 



nd in optional aoia 



s :niterf io i=.i ..y po^ym-^i 
y ,S. r.tt . Ko. 7_o:^o4 2 
^d c,loono]s, others, ketones, estero, 

;:mipounds having 



. o a e n ^ t e a 



. sue 



, sue . 



r^queous .^m::i 
: z at 1 on . 



^ f Summia 1 ^^x " 
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i: '0 n 



> AM 




^;.f.^i¥nr:n:-.i;-:.:-.^-cvid.. ... :n,pr.v.a ccn.po.i.. ;^.^r^ a.d n...:..d ::.aK:.ng r:.- 

;.n.e- .nclu.in, tn. .on- s.q..nt .a : sc.ps or ooat.ng . porcus surpo.^^..^.;^^ . 
s-.lu-icn ;-:nt.a.n:.ng a ijo ^ y f ,.;riot loiut . i- -■■ ^ _ . _ 

p-.l-*ur.cti:nai acvl ha.ide, wh^r^m : po . yr unct_ i . ^ii x;.- J p 

ar.. co:v.ao-«.i w.t;-. oU...r <..:a i-..;* lo r.r:;, . £^^',^-^5 T;' ;;; .Z; 

w M"'-,. o:lv:-.nK-ion.: .cyl halli. prior to ani.or dur.og r..ot.c. ...w.^k 

p':::-tui.ct\::^\ii aoyl hallie and polyf v.nct lonal a'uine. 

|i1^2^f^'--S7:^r.;?i::ng Whether th^ suh:eot phosphoro.. oonta^nng o..^^^^ 
k.^e: su-re^;i:ullv contacted with the acy- h a i i a. i n ..oooi j... . t... h .uP ..^ . 
^;r-c.re;enc.e :f a "ae^.eotable quantity" of "r.ta.n.d p.K,spnoro.u. ^ : n^ , h. P,_^^^^^ 
r„.rn.i-ane. The ter-, r^-t n.d" phosp,.o ro. ' '■■■■'r''^\r '\ ^ 

: i-ch S..i;.'h -l-.a:i.ing r-^n-OV..o transient boui._..:. ^^t ph....pr.^. .... 

- / r:^-:^\!'--"^,-:..,enr nut wh..cn do not contribute to the subi.ot invention. 

^rr;-;//^,--.n that pnosphonc aoid .ay he ad.ed t: the a.me so.lutio: 
■ ' , • : ^M;..odim.nts ..orne portion of tne phoophorio aoid may be present 



• ne i r.d . i - ■ t t n j n.;:'U b raiu. ; nowe^/er 
witn tne covi. hal. lo- :n tu.o-:n.-r wh:oh p^rm:. 



pM'OBf hor i t aoi:i is not 



^on 



ta'L't t^d 



ovApdexaricn, tne phtsp^horic aoid is not 

Althougn ourh prior 



retimed .nd .a. n.d .w.y iron, tn. oer;^,-L-. -P-^y--^ " ■ r p"'!"b-^ ^^^nv^ 
i:be--LgrL^:t:^"x,t^^ ,^BI^ pert:.r.anoe attributed 1 1- the sub:eot mv.ntion. 

l^^^^^!ft.^~:-^^^^ i. x.tenae:i to mean a suffioient quantity of retained 

tne term a^-^: c.b.. e q>.c. , i., i-. _ ^ f . ..t- h^v^w ~ det-ctc^a 

v-hr-'nh-rrn- i ciesent suoh that it may ce r(ie...bui .-J , x ^ u . . ... - ^. ^. - 

.h(.oph„ioir.. 1. D-te.-'tion nf ohosohorcuc ii; memDranes can b^r 

;:v ^aantLta^b-e cr qjaiitotive an^.^s..... J.te-t.on^- ^ ^ ^^^^ 

■,ao.^ by w.iy -oy s.i_ab.e ..n,. 1 . ^ v ^^n- - -.•- 

::u :,nt 1 1 le.. i phcsphorous oontainina oompounds ut i d. .^z. 3 e . <.t . v ^_^.y ... - n^ . ^^^^^ ^ ^^^^ 



•■at.o sf e:'tr: :of y-. I^-' ^^^'^^ oo for .oii. 1 1 . o ^Oc. . y.^ ..-^ ^--^ ^. ^. _ i^-- -^^^ 

^^r:---ifiO X-ra-/ f i uores tt^nn- a-t^^.'titn rn-: t liOo.o i. ogy ^ n v . -r:.- -r- a ... c , . '^X^-^-- 
water for abtot 'M^ mino.tec to.iow.^d ry oi s..o . v .. , ,q p.. ^o. ^..^i ^ 



. ^ '-r-^hv r^--t^ ^hior^dt-, ^nd - ub..rrqo.r.t i y -:.rxt -r.oi v-- 1 y .xt r.:.^o : ::q 

.p.nopriate . . • -r.^. , : d-. , . ... . h, . ^. • pcU^,n.x.-ie may th.n b. iso:...t.d and preso.a into 

.V a ..ir""nvJ:-ai;i : rreo- ; I t , lo.. . ibs . .oid:. Tn. 
,\:.-:,j.^^v -wu :.avero of poiypropy lene sample oupport fiim 

. -i->:^-Di-x -^r^ mm diamt^ter XRF sample oup using . 



,o .o^.dc,rd £Ut)t.o:it ::-t^'. iii-- -i-^^o^^;^^' 
Me..4ourement o ;'an be (::;.:■: t^mea on ret a t^.a-^ 



ured in a pic.^t;!,- insert with a Pr mas^; 
disk ana av.^r..ged toq-ther 



::pa!-;d tne sample ::an be analyzed with . Ph. lips PW14S. ^ ^^^^^ ^ 

^l':ores.enoe spectrometer equipped with a scandium anoae ^ i >^ " ^ ^ ^ ^^....^..a 

me..suremer.t tt Pnosphirous, K alpha X-ray intens;ty tn. ^ns. : um^. ^ ^-^^^ - i:";^,.; rums . 
un.er the f.liowing cinditicns: 50 , C m>A , german.un: yy^^^^ , ' I^:.- i ^a^.^ ^^r ' 1 ^-o^ : 
a.. f:.ow r.r :io:rtionai aet.otor . a rgon . m. t nan. : , ^^PP^ ^ , \ ; ^""^ ^ I : 

^ ^-^^ H^^po::e. To. Puospnc:rous K ^ipn.. p-<^K can b- c s . . > - a -^-^'--^ -y- d': ; ' , , , ^ 

^ ^,,^q as-^ jr tunas o..n t:^ n-asur^a at . ana - c;rrs.ts ot i.t. t .-r. ..... ^ ^ 



bio ef Sumit^itOv- T.x^t : 2 r; ■ : _ 

l7r pri'f errei em'r ud iment s , the subject cu.yoO:.:ap 
abmut 1 micrtgram iand more preferoib.y ..--.3,st 



i: n, .o iM 1 ; AM 



, 1 1" r c r ci ;i . s . . ^ . . ^ - - . . ^ 



Cf Li c 



■up J, 



Thtr ph:;sphcr:;.;s -c 
1 iiK. : -z-a .-^i - - - - 

sp^c i.c-i^ vie atrc 
iin.t- p.-ricd ■■■.)t i^hr- sl. 

reqii:. remer.t s , :i 
a ini na 



or. pc 



it::' ::iaa 



on,p 



Of 1 c 



" ^ ui/i^ tan a 1 i.y oCllu^^c^" - t 

ph:>L-.t:h:'r:qs in the p ^ . ■ ^ • 

f hosph::rous ;:ontaining confounds pret^raL: xy ^ d.^.^o.. ^ 

pha.:;e wit!:in the organ' 



rndti-d to lu^cx:: th.:^t oi 
n.ponnd di st^olv^^s m tn.r solution t; 
:;n and, or low^r op^^ rating 
irhonr; the oohjeo:- phoopnorooo 
n 1 ng oornpound i 
t c i ned 



r;:i_o-' ;'onf \ n : ng 
.;;,pr. v-q r ..ox, re- eOL i 
. ::,-iiirr^ne pr'.^pcirea w 
:oq: o:c.'"""rhc.t. t n- phosphorouo oonta 
^.■^.,^nce of « deteo:.ab:^ quantity of r 

;oed ..t .-rt.otiv- oonoentr..t iono "he 
and torih a sing^- noii.ogei 
solutions previously described. Pre f erred pnoopno roo ^ 
-'-■n- aininq compounds have a sclubility parameter 
Pieferably fr:n; 18 tc -3 J. sup. 1/2 cm . ^:.up . - i / 2 - 

t->llef Si 



■id: from about 1^ 



a Ij \.\ t 



irv ^..'eXt 



A viiriety of '[^ -nib^'ayie shapes are oon- 



me-oiallv available and useful m rne presen 
.,...,.^nr Tt-.;u-;e molude epir.l wo.nd, hollo^ fiber, tuoular, or flat she.t type 
n.^-noranes. In regard tt. tne composition of the membrai;ie,,. 

h.s""h^g?c.s::opio polymers ot:her t nan the ooly amide ^ ^.-..r-^uo^- r^o--.l c.na 

d:s.rxmrnating layer. Am.ng these polymers .a^e ^ an o . . ^. a ^ ^ , ^ 

zwitterionic such as polymeric surfactants, po.yv..n>l .....h..!, p...V-^^^o^^ - 
pclyacrylic acid. 



_ft en "he discriiiiinat mq lay^ 
oated open- the svirfcOe of the 



Summar \' . eX : 



^xcosure titie aeptuois on t: n 
r..oni temperature, cond.ticui 
within the ranges of 10 mrnutes t 

weight of hypochbgr 
hvic^_y^lJ^e ai^e 5 00 to 7,j 
f"^/;"" -t" a preferred ety-bodimen^ tn 

■he afcrementioned chlorine trecitment. 
:f 4C .degree. C. to lOO.degre 
Tne neat treatnent resul.ts 
i-.,r-c^val .d impurities ocn^:ained m the mem 
v-..i.^f . ^^xal ■-o-ult:. of the chlorine treatment 
t:wc; treat ment conditicuis can be adjust eo within tn. 
f:o.si^age is Li-po^oved while maintaining 
a.caie. Tiie order m which the twc: l r - 
t!:e,:.t^ng the miembrane s i iiiU 1 to.:i ne 
q;^es not pri:>viJe tne :;;,provea r 
lowed by tn- ;uh.uoo- r'u :;■ 



>i ■? f^' O". 2 , miembrane staniiity to strong 
^'r,a'[t p.^ssaqe. can oe achieved by contacting tnt 
o . poi.:....^ :.i_pport, ^ 
i."Ution :at ct p'H O'f cat 
ture anu couicent i"a t k 



- in flat sheet or 
1 1 . S . The opt imal 



r.perature .no ...... ^ . ^ ^ .^n of the hY£ocr^^ori^| used. At 

wh.ch acnieve the statea goals can genera 1 .y oe f ound^^ 

5 hours cind at concentrations ot 2 . t^. ±.. - PP'- 
measured as chlorine. Preferred oonce:it i at -uu-: ol 
00 pprr; preferred exposure times are 0... mmutes .o tr:i-- 

n.embrane is subjected to a heot treatr.ent Le_..- 

The memibranes are heated ^n 

b.:-inq expcseo \.o tne a rc remeiiL i.:_.i.e.. . . . .^^^ ^ ..-^^ ^ ^ ^ ^ . ; ..f . ,^,..,nds to. 24 

- , ...r.^r^ -f 4^- d^-qree. C. to .Ut.aegree. . ^'^i ^^n,^... ^.l . , 

''-'■''^ r^-'-'' ■';i'n^^rt r-su^ts'in . further lowering of the salt passage ana tne 

.rs. Ine ne.t t.ea.nent r^^su.t. ^ ^^^^^^ ^^^^^^^ otherwise may interfere m tne 

^namg on tne applicat:on dtrsireo, toe 
I anges ^. ot^eO .^-o.. ..a^ . . ■ 
n i-iorcvinq t I ..x .;V-r -.oin- r r-..* l :":.--n^ 



-q 



; ; s \' 



'. wi: 1 o a ^ x y r 
:*ni dimetnyicui, 



.U- 



the flux enh.:incemenl c 
:n the solve!-it . Typi:.ox. 
:-ohols and hva rcca rrcu^^ 



contc^cted witn tne p^.vami de . 
:;,:,r weior.t anones sucn as am:; 



.q-r w. 



crov:d-q 



oas pnases in a 
oni^*, m-tnylan; 

h:nq^^r-q by to 
';a. :^uou^^ on ^-^ 



i: Pe,: p. I ; AM 

I 



. ^ : z . : : a 
f 



undut^ exper 1 the lit ctt. . 
and concentrations, tn^- 

layer has keen contacted for about dcxvc witn 
thi rhinimui! length cf tirn^ of con:^ct, ^^ri-^n 

discriminat mq lavt^r may be increased. Although this cxcp^i-r... 

itag^ous if low ccncr^nt ra 1 1 one or ^n .^iKin^ 

b^:na -'uplcvcd. Altliough temp-ratur^ 
K.oct oonv.-ni-nt ly used, mcr-^csed t -tnp-^ r a t u lo. s ii.ay sh..rt^n tr.c 

-r ■ ti!i\c', Tn- morc^as^a t eir.pt^rat ur- ' ^ ^ 

not abo\'-- ai::^out 1 :^ ; dc^gr-- . Ch Typic-oi. 
-ffect ol tfit' :iit-;[Lb_r' oi!^- ctio^ i r..:iL .^^st ..U';. 

f;-. .d-qr^e , (h to about 1 v , . a^gr^-'r . 'ro^.g- 
ntactitig tor- aI■:iln^r witn th-:r pg^v^to.h"'"^ u i .-c >; i. !i, : n.. : . o 
or a iry^r. Typioa:. ov^ns or divers wnisii o..y r- 



pa rt 1 cul ctiu y aavdiC 
c.o)tc:tct mg t: 
'i J . d-^gr-c- . . 

me-nb;r ane ' s per : oi-ii.anoe is reduced, i.e., 
t eiip'erature.:. wnich will hasten tne flux 
3 0. degree. , pr^eferably at least abou: 
temperatures may b>e reached by 
layer in a le\^ice sucn as an o' 
employed in-luie convection, infrared, ::r forced cir aryer; 



1 1 ot[-; dbcut .degree . 
.ratu 

snould not re so high tnat tne 



Bri^'f Sunmiag;y__ 



aet::::tions prc;vided: "reiection rc^te" i^- 

:;olute: whi:-r. 



mm.;:, trie p.u. cei o. .«u^ of d..ssolved or aisper 
membrane, e , solute passage, "salt passage 



y^r uissolveo cr dispersed materia, ^i.e 

^o[ur,^ne With t:he solvent. The reiection rate i^ equal to i;t 
sed m<iterial which passes through the 

t the dissolved material is a salt. 
'l^lT.x" Uie Eiow rate per unit area at which solvent, typiially water, passes throv.^n 

the membrane. ■■Reverse osmosis ,^en^rai;ieCC^^Cie.nbrane wnich r.as . t e , 1 1 n i . . - 
naC--^T^om abo_.t 95 to about IC. percent. ■' Nano t 1 1 1 r . t ion u^ij,n^.^.._a 
which has , reie.ticn rate £or NaCl of fro,:, about i to aDcut „S percent ana ...s . 
at least one divd 



.ikout IC. percent 
■ ilonq the m^iiiecu:.. 



' Po lyam i'd_e " i s a p 
o f 1 a 1 r"i . 



ent ion or orgariic compouna of from about 2 to 
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